Computer simulation methods using orbital level of description only for a selected part of the larger systems are prone to the artificial charge leak to the parts which are described without orbitals. The absence of orbitals in one of the subsystems makes it impossible to impose explicitly the orthogonality condition. Using the subsystem formulation of density functional theory, it is shown that the absence of explicit condition of orthogonality between orbitals belonging to different subsystems, does not cause any breakdown of this type of description for the chosen intermolecular complexes ͑F − H 2 O and Li + H 2 O͒, for which a significant charge-leak problem could be a priori expected.
In the orbital-free embedding formalism, 1 the complete information about the environment of an embedded subsystem is contained in its electron density B ͑r͒ and the electric field generated by the nuclei. The electron density of the embedded subsystem ͑ A ͑r͒͒ is obtained from one-electron equations for embedded orbitals ͕͑ i A ͖͒ referred to as KohnSham equations with constrained electron density ͑KSCED͒ in this work:
where 2N A is the number of electrons in the embedded subsystem. All formulas are given in atomic units for the closedshell case in this work.
Embedded orbitals are used as auxiliary quantities needed to construct the electron density A and to obtain numerical value of the kinetic energy of the reference system of noninteracting electrons ͑T s ͓ A ͔͒.
The effective potential in Eq. ͑1͒ is neither the KohnSham effective potential 2 where the KSCED effective embedding potential, which represents the environment, is expressed by means of universal density functionals E xc ͓͔ and T s
The electron density obtained from Eq. ͑1͒ minimizes the total energy with respect to variations of A ͑r͒ and keeping B ͑r͒ frozen at some initial form. For finite systems, it is convenient to use linear combination of atomic orbitals in solving Eq. ͑1͒, but implementations with plane waves also exist. 3 If atomic orbitals are used, two types of expansions are of special relevance for practical calculations. One which is labeled here, following Ref. 4 , as KSCED͑m͒, uses only groups of atoms in the subsystem A to expand A and the other one ͓KSCED͑s͔͒ uses all atomic centers in the considered system comprising subsystem of the principal interest and its environment. Note that in either case the overlap between A and B is possible. Since the KSCED calculations are based on the Hohenberg-Kohn variational principle, 5 the KSCED͑s͒ calculations can lead to a lower total energy compared to the KSCED͑m͒ ones due to the possible spread of the embedded orbitals associated with each subsystem throughout the whole system which is not possible in the KSCED͑m͒ scheme. Therefore, we refer to the KSCED͑m͒ as an approximation. For obvious reasons, KSCED͑m͒ approximation is an attractive computational alternative compared to Kohn-Sham treatment of the whole system. Neglecting atomic orbitals localized in the environment is especially adequate if the absence of charge transfer or covalent bonding between the investigated subsystem and its environment can be assumed a priori. Such an approximation is commonly used in computer simulations applying hybrid quantum mechanical/molecular mechanical methods, which is the source of their computational appeal. Our numerical experience shows that in the case of the absence of covalent bonding, the KSCED͑m͒ is a very good approximation as measured by the small differences between the interaction energies derived using the two types of expansions. 6 However, the universality of such an approximation cannot be expected.
The closer inspection of the KSCED effective embedding potential ͓Eq. ͑3͔͒ shows that there is a potential danger of a collapse of electron density on the nuclei localized in subsystem B. Such a collapse was reported in calculations using only electrostatic component of the full embedding potential of Eq. ͑3͒. 7 This result indicates a serious flaw of electrostatic embedding, and the remedy was proposed in the form of an empirical factor damping nuclear attraction at short intermolecular distances. 7 In this work, the whole KSCED effective embedding potential given in Eq. ͑3͒ is analyzed in the context of this flaw. Except for the nuclear attraction term all other terms in Eq. ͑3͒ are finite at r = R i B . In Ref. 8 , it was argued that this divergence is the cause of the artificial attraction between the F − anion and the H 2 O molecule at short intermolecular separations. This erroneous result can be attributed to the approximations to the functional or/and functional derivative of the nonadditive kinetic energy, choice of B , the divergence of the KSCED embedding potential, or last but not least flaws in the numerical implementation of the KSCED formalism. Identification of the origin of such a flaw is crucial in view of the increased interest in the use of the embedding potential of the Eq. ͑3͒ form in computer simulations of condensed matter systems. 3, [8] [9] [10] [11] [12] [13] To this end, two model systems for which the flaws of the KSCED effective embedding potential can be expected are analyzed: the F − H 2 O complex which is formally divided into two subsystems each comprising ten electrons and the Li + H 2 O complex partitioned into subsystems containing two and ten electrons. The existence of the infinitely deep hole in the embedding potential should result in some intersubsystem charge transfer in either cases.
To investigate these effects the KSCED equations are used in completely variational calculations in which two sets of Eq. ͑1͒ ͑one for each subsystem͒ are solved. Such calculations represent the application for molecular systems of the subsystem formulation of density functional theory introduced by Cortona 14 for studies of atoms in solids. In all the calculations, the local density approximation was used as the exchange-correlation functional ͑exchange part approximated by the Dirac expression 15 and the correlation part by means of the Vosko et al. 16 parametrization of the Ceperley and Alder data for the uniform electron gas 17 ͒. Two approximations were used for the nonadditive kinetic energy functional. The one of the local density approximation form uses the Thomas-Fermi ͑TF͒ expression for the kinetic energy functional 18 and the one of the generalized gradient approximation form 4 ͑labeled by GGA97 in this work͒ uses the Lembarki-Chermette kinetic energy functional. 19 Our numerical implementation of the KSCED formalism into the code DEMON ͑Ref. 20͒ was used in all calculations. The KSCED orbitals for each subsystem were used in the evaluation of the total energy by means of the following expression:
The following program options were applied: 10 −6 a.u. selfconsistent field energy convergence criterion, pruned fine grid ͑99 590͒p, seven "freeze-and-thaw" cycles 21 used as the numerical procedure to perform fully variational calculations in which the energy given in Eq. ͑4͒ was minimized with respect to variations of electron density in both subsystems, aug-cc-pVQZ ͑Ref. 22͒ basis set ͑cc-pVQZ for Li͒, and the auxiliary functions labeled GEN-A4 * . Figure 1 shows the local density approximation ͑LDA͒ interaction-energy curves for F − H 2 O derived from KSCED͑s͒ and KSCED͑m͒ calculations. In the potential energy scan, the geometry of H 2 O is kept frozen at R OH = 0.956 Å and ЄHOH = 105.5°and F − approaches the H atom along the OH bond, whereas the distance d͑F-H͒ varies. Both curves are similar ͓the difference in the interaction energy between KSCED͑s͒ and KSCED͑m͒ at the d͑F-H͒ = 1.3Å distance amounts to −2.38 kcal/ mol͔, which indicates that filling the wholes around the nuclei of the environment facilitated in the KSCED͑s͒ calculations by the presence of empty atomic orbitals localized there involves a rather small energetic effect compared to the total interaction energy. In the context of embedding, it is worthwhile to analyze the adequacy of freezing the electron density of selected subsystems. The results of such calculations are also given in Fig. 1 23 ͑these two models differ in the used input densities, which in the case of Gordon and Kim were the Hartree-Fock ones and in the present calculations come from Kohn-Sham LDA͒. The results shown in Fig. 1 Ref. 8 occurs even for molecular distances as short as 1.0 Å. Figure 2 shows the electron density perturbation ⌬ ͑de-fined as the difference between the total electron density obtained from either the KSCED or Kohn-Sham methods and the sum of densities of isolated subsystems calculated using the Kohn-Sham method͒ obtained from KSCED͑s͒, KSCED͑m͒, and Kohn-Sham calculations for F − H 2 O at d͑F-H͒ = 1.3 Å distance. All the methods lead to a similar qualitative picture: an accumulation of the electron density in the intermolecular region and a mutual polarization of the electron density around heavy atoms. We recall here that the total electron density does not comprise terms proportional to the products of atomic orbitals localized in different subsystems in KSCED͑m͒ calculations. The similarity between the Kohn-Sham and KSCED͑m͒ electron densities indicates, therefore, that description of this bonding situation does not require invoking the concept of covalency. The agreement between the Kohn-Sham and KSCED͑s͒ results indicates that the used approximations to the non-additive kinetic energy potential are accurate enough to prevent the leak of the charge between subsystems.
The dissociation energy curves for the Li + H 2 O complex are shown on Fig. 3 . In the potential energy scan, the geometry of H 2 O is kept frozen at R OH = 0.956 Å and ЄHOH = 105.5°, and Li + approaches the O atom along the bisector of the HOH angle in the C 2v point group of symmetry, whereas the distance d͑Li-O͒ varies. Figure 6 shows also the interaction energies derived from a simplified type of calculations in which T s nad ͓ A , B ͔ was neglected in Eqs. ͑1͒ and ͑4͒. In such a case, the interaction-energy curve is qualitatively wrong due to the absence of the repulsive component in the embedding potential, and the energy decreases monotonically with decreasing intermolecular distance.
Turning back to the importance of the divergence of the KSCED embedding potential, we conclude that the existence of the hole around a nucleus belonging to the environment does not cause any significant numerical effect on the calculated properties. The KSCED embedding potential, which is linear in neither A and B , comprises a highly repulsive TF component. As a result, an amount of electron density fills this hole effectively without affecting significantly the calculated properties. Both TF and GGA97 approximations for the KSCED embedding potential lead to interaction energies in very reasonable agreement with the reference Kohn-Sham data. We can conclude, therefore, that there is no need to modify ad hoc the general KSCED framework by including pseudopotentials representing core electrons as proposed, for instance, in Ref. 8 
